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(57) Abstract: A problem of the invention is to provide a method 
capable of accurately calculating a torsion angle in a wire har- 
ness, and a device and a program therefor. In the invention, when 
a reference shape model is deformed and superposed on a de- 
formed shape model while consulting the physical characteris- 
tics of a wire harness, the resulting shape is calculated by uti- 
lizing a finite-element method. As the superposition proceeds, 
the reference axis of the reference shape model rotates, and upon 
completion of superposition, the angle formed between the ref- 
erence axis, the clamp axis of the deformed shape model and/or 
an imaginary clamp axis is calculated as the torsion angle. 
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<S?^(D0k<*$:mtz-t-tX\ «C1~C3^ 07 (B) l^fipl:, ft 
^t5rii5ft5 0 E| 7 (B) K*5tt<5, 3001110 1, C2, C3T't 
$^5^14, 0 6 (B) T*^L^iit)T-$)SOT*^0«fe«9 iSL|ttBJf±^BS-rs„ 
r*U^P;tT. «S^N 1 a>e>0 7 (B) Wi9«SiC4^f5-i 
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it (6) 4>0 6ft6^UO-^ h y i>^K, (l, 1), K, (1, 2K K, 
(2, DXUtK 1 (2, 2)l«IiCl|«U K 2 (l, 1) X K 2 (1, 2), 
K 2 (2, 1) &1>*K 2 (2, 2) I4*I«C2»:#*U K 3 (1, l) x K 3 (l, 
2) N K 3 (2, 1) &tfK 3 (2, 2) tt«K*C3fcat]£U K 4 (1, 1), K 4 
(1, 2kK 4 (2, 1)MK 4 (2, 2) fi^H^C4tC^-r5t > <D-efc5„ 
{&U Ml 2 4TvTfK, (2, 2) £ K 2 ( 1 , l) t K 4 ( 1 , 1) ir^Mfto 
TV>5gp^> M2 3T**fK 2 (2, 2) t K 3 (1, 1) t^Ifto'C^S^ 

Lfc^oT, ±|5 (4) ^ (6) mto&X'&ZmiiL^* h sl> {x} 

WTtc^-fo in 8 (a) «: N mm 2$:*-* >'hRVM&&&%ti%Mj£-rzm* 

&7jk-tmX'tb*), m8 (B) «\ »fBD2^-=e-^^h^T>^#tt^Srffl!|^-r 

IRittffftEH:, ®8 (A) f^-fai^&Sr^p*^ (7) T* 

E = FL 3 /3 X I ••• (7) 

$rffi 2&^e— ^ > h ifjr v ±|5<^<k 5tc!7-Tir— />— *x*PH&mffikU 
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v£Lfc<7>-e, (8) x-m-rz. k&T'%Z> 0 

I = 7t DV6 4 ••• (8) 

E = 6 4 F L 5 /3X)tD 4 - (9) 

E= (F/X) X ( 6 4 L V 3 7t D 4 ) 

So 

^#^^cg(*. ms (b) icTjk-tmjEJjmzrt do) 

G= (TL/8 J) X 2 ••• (10) 

W2^->yh jit y-r^r-^-^^^R^^-ga^^^u^o-c^ ^ 
(11) T**tri:^X'#So 
J = 7t D V 3 2 ••• (1 1) 

T = F S •• (12) 

G= (3 2 F S L / 0 7cD 4 ) X2= ( F / 0 ) (32SL/tuD 4 ) X2 
- (1 3) 

Lfc^oT, F<t 0 £KJ; <9, m#14^^CG^*i6 6r i:** 
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«f4 3, PP^g4 4, fBH^B4 5. ig&£jfi4 6 % &rtt§fl>f V* - 
y^~*4 7 ^r-^A/-eS^:«^$ix5. J^£o<D^— y >- 1"^. — ^ tfSfUffl pj 
tgT'fcSo ■^'f * o =*yb°^-* 4 111, C PU4 1 a (^ife^g^ttK 3/— 
^n^^A^SrfB1t-r<5ROM4 1 b, ^a^3®^m^-B#^J{-f2lt-r 5 R AM 

9, i^gl 4 3 li^I^tlrS/Tt 5 C R tfc 13 s Rl^^fi 4 4 

Kf^^^ K7^yt'fc5 0 Sgi2^g46te. CD 
-^DVD^O|S^^4 8^tei*ft£*b5, BUCK Hill. @14, Ell 6S.t>* 
HI 2 0d^a^m>£r^i-^CtL^fh@7'n ; /7A4 8 a £§^&tp tc^xommx 

D>/7A4 8aS:iHMt4 5^^ l-ft*^, y;* 1 A-i - ^ £fc, M 

^&Af£ N 7^P3yta-^4 1li, ROM4 1 b KfElt£ft5:/- hy°n 

4 8 a *:tL-hM 60 fLX, •7-l'^P3yh , i -^4 Dti^ff-^^d 
^7A4 8aiafc^oT, 7 ^ 5 ^ V) % ^ 

^fi4 3^^g4 4^e>t±i77$-yrfc«9. ^O^m^lSM^g4 5 ^# L 
fct)i-S 0 ^Ctl^H-|i7 0 D^7A4 8a{i, ±iE«/&£W-t-£fti!<E>/N 0 - y "Tvl^ 

fc*>\iE»iftfc4 8}C^$tt^taCtt^tf^y , n ; /7^4 8 a filf^JS 1 3 N 
7 X S:t>*tf^JS2 2fc*ff£U ^tt^^^iCtL^ft^yn^y A4 8 a 

tfwv* h-^^^fc^-y^^^^t-^-^^^^s^afifi^i 2, 
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JS 1 6, RV^m^m2 1 K*N&i-3 0 feC^tH/n;/7A4 8 a ft, 
1 5fi**W©»2*lfe^«H:»«BlT?*>5 0 HI l 6 -EI l 9 l±#3gw<z> 

m3mmmm\z^v) s 02 o~ei2 3tt*»w©jM^^*te«sHT**><5. 
1 mmmmi 

mi on*mm<Dmimmfcniz&zmm^m&m-r7a—^ir»- hx$>v, 
mi 1 (a) ~mi 1 (o fi^tt^ett. mi o^^s^ni^^^^-^^/^-^ 

y^f7D^t-fT&5o EI 12 (A) ~012 (E) f«n^*K Ell 
O^^SOii^^^ft^^S^^J^-TSElT'fe^, EU3tt x EIll (C) <7)^JL 

5 fctf>-C*t> <fcl^ Eli 2^*5V>Tfi > MLt, &j&as&< ? 7 is^&ftQ ft 

ft h fritz y <4 /n— ^ * £7^ LX 5o 

*tfcag^tt^«*$i«4 3^m^^tt5 0 zvmmmn. mi 2 (a) ^ 

nUl Oat, 1 0 a <7>^ra«BSXtJfiHSP{ilRlJ#»te>*LT, ^II 0 a 

?:Sf^{5:^@^-r§fc*0^ =7^-72. 0 a % 20 b, 2 0 c <t AyT'fllAfc $ 

- K£rfflV^T^=Beg4 3 ±tcfSBj$tv-5 0 r ©gg^:fK£r#*5^ifett:{|&<7!># 
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v^fh||$;h/rv^teasfijJB$;i'L3 0 rfrL<b<£>liite x .blast (6) *p<DWm*? b 
Vf* [K] *P<D&m£lz&t>Z>o »SC*#»4 X !7^^r — l ' tf>^fl27F2 

^o'i^tic^tsjii^, @3raufcj: 5^^7^2 o a x 20 

-CK££*L/!:«te:£-3£\ Ell 2 (B) *W*t*9*/H A^t>' 

tvH Bte N _tf£[2| 7RXI^ (6) fcUpCfct>£>£ft3 Q Sf^f/HAH:, 

-^^T*^i-«t 5 ^ *i\ Xf2/7 P S3 l^fcV^T, I7^T -V — ^— 1' (7) 
M 1 0 a lrlt<Z)iSiC 1 ~C 1 3 ftlf^o fc*>\ N0~N14« 
Sr^-fo LT, ^f-yT'S 3 2t*JV>"C, ^y/20a, 20b, 2 0 c tf* 

^tl, SSMftRXCK RX6, RX1 4^Jp$tl5, 

S^t^r/HAIJ, 0!l;ttf, ftfei 0 a^lfe±t-taWf<IojI<* 
i^tJLfcMi^MtS, MMttRXO, RX6, RXHtt^T, fli 
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S!p^t^*x/n A©M^feiir *Ucffi££;h,fcv^gf± % ftj&fti;:|g 1 2 (b) 

£fc, **ry?S 4©Wt ; f7/H BcDf^^^ioV^Tfi, 011 (B) (7) 

i7 -y—^—*x i ' ioa SHfi#<z>3Bna§c l-cn -c*i-„ 

^T«7 7°S4 2^V>T > ^yWI^NO^ N6 X N 1 4 K^rtl 
^7V/iAX0, AX 6, AX14^0^5„ ^y/ttAXO, 
AX6, AX 14tlt ^H5#ltf>tlfc^7y/2 0a, 2 0b, 20c 

--x% 7^^(cov^t n mil (o &rjtm i 3 &m^Tmw-rz> 0 

*i\ ^fy/S 4 3 1 fCzfc^T, SI^tt|i^N6^tt5Ml 0 a 

N 6 1 0 b b/t- v 1 2 (ttjUSJIft'*^ b ;V t 

^LT. ^f<^S 4 3 2C^t, w©gSj»spg5 5_h T .tti»^«[«i^N6* 
^tlt^iil^^ h^v 1 1 fCje^-f-S^ h/WtfSig>g^ 7 v 1 3 

t ux^tti$tb^ 0 ^jb\ ^f7^s4 3 is^f->^s 4 3 2ii-en-e^ 

ft M^wM^ffiMia^t/f «^ 7 y^iiwig^^f^, z.<D£ 5 
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mn. mmm^mi2 (b) xm-rx o^mmm^^yui B^fw^nnf <t 

EllOtClMoT, ^7" y^S 5 l-i^Tfi, 012 (C) (D) 
JhlS^-x^^S 2T*^^^tLfc^lS^%^fc too. ^^RlT' 
I)5^« Lfc i) f 5 N 0 f © i ? ^#^<D|5^^^ ^ i: U -£<E>{tiL<Olii5,££ 

^|f^$na o -T^^*), 12112 (D) \Z^-t£?iZ^ li^f/HA^^ 
MmV^rf^l B^Mte&toltbtLZlZ.k fc&V\ £Sp$ftRX0 % RX6, RX 
1 4 tmfe-r^c ^LT, a^^WTH^^fi, igLfcSPttRXO, RX 
6, RX14i, ^^^^IftAXO, AX 6, AXl A tM^^ M^OM 
^01,02,0 3 lr^tTV^ 0 LTfHI£;ft5 0 

^•LT, 7f-y^S7tfcV^, HI 12 (E) ^Tjk-TXoK, ^7>y»AX 
0 N AX 6, AX 1 4$r, ±feti-^bfc*aCn^ 0 1 , 0 2, 9 
W^T/H Ai*i;i / T|f4 3iC^t5o ^-^LCtU^fi, M*Ltf, 
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@i5 (a) —en 5 (d) n^rti^ftis m 1 4<D&im<Dj§im.izisi-}z > w;m&m 

EI 1 4<D^.7 i ^7 p S 2 0 1 tcfcV^Tte, JbfBEl 1 O^xry/S 1 i: l*J 

a, in is (a) \z7fi-r& otemjtmvt&m&ztix^ z.<D&tt2tnt&mj&vt 

^ii4 3 Kffi^tlS,, fiU r r T'fi, ^il lai, $fr&l 1 a 
#tf!£-r 5 llbl~llb5£ £-^tf 17^-^— i " frffifel, 

TV^S. #Jt& x SB l HifeJ£1|g|^tR % &&i l a (D<t>ra$pt-fi^ y^-fft^LVVstf 

^Ii i a*»&^tL-e*b»j5;5^iftit4J-tti-*«»©ttl»i ibi-iib5i 
U> 11a RUt&tfim llbl~llb5 (D^m^it, ? 7 2 1a 

BrffiSf A % Bfr® 2 &^e-^ hi, grSi 2 > h j N p x #T y 

^VM±H-3i$ttTV>5M^flJffl$tL5 0 mbOflEtts ±I25£ (6) *<D®m 
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Bis (B) fcStiJft, *»**»c#fli:-f«#IRK**^3ftSf^rt 
£^3„ r©WRR»**^tt, ±ie^ ( 6 ) ic*ufcJ:5ic, Mi:^ 

1 b5CW^ t5 | Iic i 4-C 1 8tt % »l^MLfc)H*C 1 
S 2 0 3te x ^^^^^TRS^^^x^figXa^^-t-^,, 
**#**IM**^fca«L T% El 1 5 (B) fc*-fJ: 5 0 

is (o j: 5ftaEm»tt^»s* 5o r©aM»fcf4 % 

±ie¥®<!: LTte, mi 5 (D) ^tiM:, S7^t^^7«at« 
#H (C1-C13I«) *-©#*©*fc*vvfe* (ci4K»J6) £*sg 

was e j: 5 mm) 3 r t LV \, - *uc «t 9 s 
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(tfRtf, 7^*6)30 fimJZZtlZt^ lO^t^fSf^Nl 5 

m-rmmmc i 4timzmm¥-m6izttisX<D^ ^Mit^icis, c 

1 6(DteZtlft fill, 0 1 2^£#&£J; 5 J~ i~ 5 <t 1^ (HI 1 5 

(D) 0M) O ^r^S 2 0 5tt, ilM^O^CtL^H-IlSlI^fS, 
-£LT. *7^.y:/S 2 0 6^*5^T, ±15^^ y 2 0 5 KTff® $ thtzte 
Ctlfi 0 11,0 1 2^5 % S2p^i:*^^g4 3±fc**$*t« 0 «jttf. 
::-eo**«ltt, 015 (c) ©J: ^J&IRSSI^bWfigSixS^/u^S:. 

El 15 (A) ©i^il^MU, */TSl4 3±J^77>fy^^$ 

±IEHi 5T-M^Lfc!7-Yir-^-^^<D^^« % 
tRU^H-*-*- £tfs*rfgT*$>5 (Ut#^i 0{c:^) o :©i^ fg 
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m 3 mmmmi 

eh 7~eii 9«-ttL-en, mi 6©«ta(?Dias^*5Jt5^ii«r^i-sig-c*> 

5„ r©i3ii» N ±lEfSiliiSl^o%;i^£&3gLT, »j»*^5^«E 

*i\ H 1 BO^f^S 3 0 1 fC*3V>T«, gT&T&ttftStttf- StLT, ic^^ 
If £;Kfc£^tMfca***iSjt4 3 tm^j^tt*. roWtiooBii, 111 

?f^^:^$nfc!7-r-^— ^- ^ i o 0-cfcs o -<Di7-r-^— i o o «\ 

#J;tfcE. lOOat, w(D^^l OOa J0> 5 lOObl, 10 

Ob 2, 100 b 3, :tlf>#ilOOa^ilOObl, 100b 2, 10 

ob 3<Dtf^$Ps.^$ptciti9#JtbtLT, ztiib&mm%imzmm'tz>iz#><D 

^7>/2 0 0 a~2 O 0 f $ tlZ t> O £ "J" 3. w<D^?£#Ctf>l£ 

*x s'T'S 3 0 2 fcjs^Tfit. A^I4 2?:ffi^t!7^t-^^^ 

ioo©fei««^5 0 ifafwiooBsm»s?i 
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ufc^$ i % mmffiA, mm 2^—* ^m, mm 2^—^ ^ h j % P % 
vx^tomm&^ntfr»ztLx^sw&mm£tiz 0 ztibnmi*. ±ib^ (6) 
1 0 0 ©ag^ttav*wtt^*tJt-*-«j6#^ % m 3 kt^ «t 5 ? > 

^200a~200 f ^^im^*^T-fcSo 

*<ryZfS 3 0 3M^f-^S 3 0 4 K^^X itttlfth^ ±12^^ 
S^S 3 0 2X'®LfetStl1tm\zm<5%,® 1 7&T>*EI 1 8 t*ftfh*tJ: 5 fc. 

^mmmm^r^i oobms?»7;h ooa«^5 0 {& u 

r :m rttib^TVH OOAWl 0 0Bll^il4 3_h^^$*5^ 
*fifcv\, S^^^xVu 1 O 0 AS^fff^t^f/U lOOBIt ±lEffl 1 H 

mj&mx7ikutimmMtf;*ry s Ji> 1 A&t^M^t^yvu i b tspcfctoifts. 

!£L<te, IW^HOOBIt El 1 7(C*3V>T, «7>T-^— ^ — 1 
0 0©^ll O 0 a ©^«m©®iN O, N1 N N2 % N3, N4, N 
5, - % NICK N16, N2 0 Xm%i Z tlfcmwm (Dfa&ft k Ltt 
^i~5 0 Sfc> !7^f -Y—^—^x l o 0<D^^ lOObl, 100b2 > RXf 1 
0 0 b 3 h^tl^fl, Wim<D$$&N 5. — x N 5 5, N 1 0--, N109, &t>* 

Ni6, f*i6 7T*mmittii±mmm*>ti*i*k\*x*tzLzti&. mk. * 

7 V^IR#fl|S^N (K N 1 3 , N20, N 5 5 , N 1 0 3 , N109 RUN 1 6 
7 iai^tl^th^ ? =7^7(Dvl v (2 00 a~2 0 0 d©l^) ^ 7 > 

^HJigMtt (2 0 0 f % 2 0 0 g<Dm&) Zmfe-t Z?7^7WAXO^ AX 1 3, 
AX20, AX55, AX103, AX 1 0 9MAX 1 6 7 «$tl5„ 
fc\ 0f> P 0, P 1 3. P 2 0. P 5 5 N P 1 0 3 % P10 9RT$P 1 6 7 te. 
»A^^0^7^7"n-^/i,xtt«:*-t- 0 N10X 

tiftte, zcDRxozmmkirtciEumftmxmtstiZo r©Rxoit 
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STO^-e^/H OOAI1 ±fB#8U 0 0 aSTOl 0 0 b 1 - 1 
0 0 b 3$rf&^±T-feCn^<Koj£C^O«L^:^l 0 0 a' .100b 
1' ~100b3' tmt«. @1>^7^iAX0, AX 1 3 X AX 2 0, 
AX55.AX103.AX10 9WAX 1 6 7 t> rjftfcfcTjES Lfc fc© £ fc« 0 

mmmm^r^i o o aic^t^ ±ib^«s^no n n i , n 2, N3 S 

N4, N5, N10, - % N 1 6, N2 0, |^N5, N 

5 5 % N 1 0 N 1 0 9 , RXfN 1 6 % * * * % N 1 6 7 ^£^p#R X 0 % RX1, 
RX2, RX3, RX4, RX5. - N RX 1 0, - % RX 1 6, - % RX2 0, 
mmz, S^iRX 5, - s RX 5 5. RX 1 0 RX1 0 9, 1&TJR X 1 6, 

(m i 7 <dr x o K-a-fcHts),, £fc, r ^x-n^ni^ma^mmmt lt^<s 0 

:tlb!¥^^r;H OOAS0'Wt^f;H 0 0 B©<t/&^fcfi. ^ 
^^-r^fifi^N 5 % N10 X N 1 6tCt>(^^(DS2p$ft^{^P$tL'5o ^©£*P 

£*i5 D ^^S3 0 3it m*m*(o±mttmmvt*7 i Ji<i¥!$.j:®i S mm 
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